Current level of development of technologies for treatment of metallic materials is impossible without using of lasers, which have found application in such processes as cutting, heat treatment, welding, engraving and brazing. This paper describes investigation of process of production of stainless steel-brass bimetal joint using laser welding with full penetration. The specimens were welded on equipment of IPG «IRE-Polus» Ltd. This company manufactures machines for laser welding using tongs. Thickness of specimens from 12Kh18N10T steel and L63 brass made 3 mm. Welding was carried out at different modes, and influence of postweld heat treatment on mechanical properties of the joints was evaluated. Performed are metallographic investigations, and microhardness of different zones of welded joint is measured. It is determined that application of laser welding with full penetration for production of bimetal joints is possible under condition of more accurate adjustment of welding modes and postweld heat treatment. 8 Ref., 2 Tables,  6 Figures .
Application of composite metallic materials, in particular bimetals, allows combining valuable service and physical-mechanical properties, typical for dissimilar metals, such as corrosion resistance and mechanical strength, tribotechnical characteristics and corrosion resistance, tribotechnical characteristics, heat resistance, and high-temperature strength in one product. Bimetals find wide application in machine-, ship-, aircraft building, chemical industry and production of power installations.
Joining of some pairs of metals by fusion welding is impossible since they are metallurgically incompatible or due to formation in a fusion line of intermetallics, which have negative effect on mechanical and electrophysical properties of the joints.
There are number of methods for production of bimetals, in particular, pouring of molten metal on moving steel strand, metallic powder sintering, arc surfacing [1, 2] , magnetic-pulse welding, roll welding [3] , explosion welding [4] , linear friction welding, ultrasonic welding and diffusion welding [5] . All this methods have a series of technological disadvantages, namely complexity of manufacture, low indices of process ecological compatibility, maximum efficiency only in bulk production, high energy intensity of the processes, low productivity, narrow specializing of used equipment, labouriousness and irregular repeatability of the technological process. Therefore, implementation into commercial production of more advanced technologies providing high indices of energy efficiency, repeatability of the technological process, automation and robotization of the technology is relevant. At present time, laser technologies are state-of-the-art in the world practice and fulfill current requirements.
At the same time, the disadvantages, typical for laser technologies, can be outlined. Among them is an insufficiently studied mechanism of formation of vapour-gas channel due to the fact that generation of pores in the welded joints is connected with it. Works [6, 7] study the issue of groove preparation for gas-shielded welding. Work [8] proposes a technology of laser-arc hybrid welding with full penetration and represents the results of influence of surface pre-treatment, level of pressing of semi-products to each other, modes of hybrid process, fluxes, shielding gases and filler wire on joint formation and thermal cycle of welding.
The present paper considers application of laser welding with the help tongs for production of bimetal semi-products as an alternative to widely used methods.
Laser welding using tongs is the process of production of permanent joint by means of creation of interatomic bonds between two or more flat semi-products. As a result of influence of laser beam, traveling on specific trajectory, on a surface of one of semi-products, a joint is formed due to remelting of boundaries of two surfaces, possibly with complete and incomplete penetration ( Figure 1 ). The welding technology is the following. The semi-products to be welded are placed between clamping collets of the tongs (Figure 1 , b) that provides sufficiently tight pressing. A shielding gas is fed into the hollow tongs and a laser beam is directed, virtually, simultaneously normal to the semi-products being welded through the upper collet clamp.
Below are given the characteristics of laser welding process with full penetration: The main advantages of laser welding using tongs are the following: possibility of production of welded joints from dissimilar metals, high welding speed, short-time heating, and as a result, virtually, complete absence of HAZ, possibility of automation and robotization of the technological process. Application of program control for laser equipment and adjusted technology can provide high index of repeatability of the welding process, that is very important under conditions of serial production. Commercial implementation of laser complexes of «IRE-Polus» requires no fundamental changes in the technological process of welding, the equipment is sufficiently compact, consumed energy is comparable with the competitive technologies.
Nature of this process, for production of bimetals, lies in performance of joint of two or more homogeneous or dissimilar metal sheets, positioned over each other, by full penetration welds. The laser beam is traveled along the specific trajectory (Figure 2, a; weld -in the specimen center) in order to increase joint area. Series of specimens from 12Kh18N10T steel + L63 brass with incomplete penetration was prepared and welded for investigation of mechanism of joint formation. Thickness of 12Kh18N10T and L63 plates made 3 mm. The laser beam traveled along the specific trajectory on surface of steel, the specimens were welded at different modes (Table 1). Aging of the specimens with penetration at different modes (Table 2 ) was carried out after welding for determination of effect of heat treatment on mechanical properties of the joint. Metallographic investigations were carried out using the Carl Zeiss optic microscope Axiovert 200, microhardness of the layers, fusion zones and HAZ were measured on the Remet microhardness tester HX 1000.
It was found during metallographic investigations that penetration at all modes is not constant (Figure 3) . Photos of several layers of the one filled microsection were made. Specific layer of 1.5-2.0 mm thickness was removed after each investigation using grinding and polishing, photographing and investigation of the mechanical properties were repeated. The joint is inhomogeneous as can be seen from the presented photos of different on depth section of the one specimen. Metallographic investigations also showed that the sections of joint formation have an interlayer in form of solidified mechanical mixture from steel and brass. The values of microhardness have insignificant difference for these sections. Figure 4 shows the microstructure of joints with indentations, area of large indentations in the left part of the photo (Figure 4, a) was made at HV1 load. However, as it was necessary to determine sufficiently narrow transition zones, and alloys have relatively low hardness values, the basic measurements were carried out at HV0.5 load. Fusion lines, defects in form of pores, structural changes after laser beam thermal influence are clearly seen in the photos before and after etching. Microhardness of different sections of steel after laser influence is in HV1-1700-2500 MPa range, at that the maximum values are represented in the central part of the photo (Figure 4, a) . Brass-steel fusion line is in HV1-1050-1750 MPa range, brass base metal has HV1-870-1050 MPa. Figure 5 , a, presenting a microsection of the specimen without heat treatment, clearly depicts depth of penetration by laser beam, steel to brass fusion line is virtually absent. Figure 5 , b shows structural changes in the fusion line, laser-affected base metal and brass sections with steel inclusion. Microhardness in Figure 5 , b was measured at HV0.25 (upper line of indentations) and HV0.5 (lower line). It can be seen that using of lower loading allowed measuring exactly the values for fusion line, where microhardness of brass is comparable with steel values and lies in HV1-1500-1700 MPa range.
Macrosections of specimen with small fusion section, subjected to heat treatment by modes 1 and 2 (Table 2) , are represented in Figure 6 , a and b. Heat treatment of given joints was carried out for the purpose of mutual diffusion of alloy components in order to increase joint strength. It can be seen in the photos that heat treatment provoked balancing of the structure, values of microhardness of this brass section have no rapid drops in comparison with the specimens, which are not subjected to heat treatment. However, expected increase of joint strength due to mutual diffusion was not registered.
Conclusions
1. Laser welding with full penetration can be considered as a promising method of production of bimetal joints, since the process can be auto- mated and allows joining metals of different combinations in a wide range of thicknesses.
2. Mechanical properties of the joints after welding are inhomogeneous, therefore, heat treatment can be used for their balancing, if necessary. 
